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Background The intracoronary acetylcholine (ACh) and ergonovine (ER) test is employed as a pharmacological spasm provoca-
tion test. ACh causes vasoconstriction in patients with coronary endothelial dysfunction such as coronary athero-
sclerosis, while ER induces coronary vasoconstriction through the activation of coronary smooth muscle.

...................................................................................................................................................................................................
Case summary An 84-year-old Japanese man was admitted to our hospital due to resting angina and syncope. Computed tomog-

raphy coronary angiography (CTCAG) revealed severe proximal left anterior descending (LAD) coronary artery
stenosis, but hybrid images of CTCAG and thallium-adenosine myocardial scintigraphy revealed no ischaemia. During
syncope, inverted T waves on V5, V6 leads were recognized. After coronary arteriography, mild atherosclerotic sten-
osis (50%) was found at the proximal LAD artery, and we administered intracoronary ER 104mg and 80mg into the
left and right coronary arteries because of suspected coronary spasm. However, no provoked spasm was obtained in
either vessel. We administered 20, 50, and 100mg intracoronary ACh into the left coronary artery (LCA) for 30 s
without a pacemaker, because neither bradycardia nor cardiac arrest has occurred. Diffuse distal spasm was pro-
voked after the administration of 100mg ACh and the patient complained of typical chest pain and prodrome before
syncope. The patient was diagnosed with coronary spastic angina by the ACh test but not the ER test.

...................................................................................................................................................................................................
Discussion Different coronary responses between ACh and ER were observed in this case. Intracoronary ACh testing without

a pacemaker may be one option in the LCA if no bradycardia or arrest occurs.
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Learning points
• Intracoronary acetylcholine testing without a pacemaker may be one option in the left coronary artery if neither bradycardia nor cardiac

arrest is found.
• We could diagnose this patient as coronary spastic angina by the acetylcholine test but not the ergonovine (ER) test.
• Acetylcholine causes vasoconstriction in patients with coronary endothelial dysfunction, while ER induces coronary vasoconstriction

through the activation of coronary smooth muscle. Different medicines may have the potential to document different coronary responses
in even the same patients.
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Introduction

The European Society of Cardiology (ESC) guidelines and the
American College of Cardiology (ACC)/American Heart Association
(AHA) guidelines classify spasm provocation testing as Class IIa and
Class IIb, respectively.1,2 In contrast, ergonovine (ER) and acetylcho-
line (ACh) testing is classified as class I according to the Coronary
Vasomotion Disorders International Study Group (COVADIS) re-
port and the Japanese Circulation Society (JCS) guideline for coron-
ary spastic angina (CSA).3,4 However, ACh causes vasoconstriction
in patients with coronary endothelial dysfunction such as coronary
atherosclerosis, while ER induces coronary vasoconstriction by way
of the activation of coronary smooth muscle. Different medicines
may have the potential to document different coronary responses,
even in the same patients. We reported the differences in coronary
responses between the two pharmacological agents.5,6 The majority
of institutions employ one pharmacological agent, such as just ACh
or ER alone, as a spasm provocation agent in each hospital.7,8 Fewer
institutions may employ dual agents as a spasm provocation test.
Furthermore, temporary pacemaker insertion is necessary for ACh
tests according to the JCS guideline.4

In this case report, we showed the clinical benefit of the ACh test
compared to the ER test, and we also demonstrated an optional ACh
test without a pacemaker in the left coronary artery (LCA) after no
provoked spasm by ER testing if no bradycardia has occurred.

Timeline

Case presentation

An 84-year-old Japanese male patient with chest pain at rest and
syncope 2 months ago who was admitted to the hospital for further
evaluation. He had a history of smoking more than 50 years but quit
smoking 5 years ago. Rosuvastatin calcium 2.5 mg was administered
at a neighbourhood hospital due to dyslipidaemia. His blood pres-
sure was 121/50 mmHg, and his pulse rate was 68/min. There were
no abnormal findings regarding auscultation and physical examina-
tions. After routine electrocardiogram and cardiac ultrasonography
examinations, we performed computed tomography coronary angi-
ography (CTCAG). After an hour-long administration of 20 mg
metoprolol and 5 mg nitroglycerine tape before examination by
CTCAG, he complained of typical chest pain and prodrome before
syncope. During the attack, bradycardia and inverted T waves in the
V5, V6 leads were observed, as shown in Figure 1B. We did not
measure the Troponin because his chest pain disappeared within a
few minutes. CTCAG revealed severe stenosis (70% <) at the
proximal left anterior descending (LAD) artery according to the
coronary artery disease reporting and data system (CAD-RADS),9

as shown in Figure 2A, c/d. Hybrid images of CTCAG and thallium-
adenosine myocardial scintigraphy revealed no ischaemia in the
LAD coronary artery territory, as shown in Figure 2B, e/f. We per-
formed coronary angiography. However, LAD artery has a 50%
stenosis. We did not measure coronary fractional flow reserve be-
cause LAD artery has just 31% stenosis by the analysis of
Quantitative Coronary Angiography (Supplementary material on-
line, File S1). We administered intracoronary injection of 64mg ER
into the LCA, but no provoked spasm was observed, as shown in
Figure 3A. Although we added another 40 mg ER into the LCA, no
provoked spasm was recognized (Figure 3B and Video 1A). After the
administration of 80mg ER into the right coronary artery (RCA), no
provoked spasm was found. We administered 20/50/100mg intra-
coronary ACh into the LCA without a pacemaker for 30 s. Neither
bradycardia nor cardiac arrest has occurred during or after the ad-
ministration of ACh. As shown in Figure 3C and Video 1B, intracoro-
nary administration of 100 mg ACh into the LCA disclosed diffuse
spasm at the distal LAD artery accompanied by usual chest pain and
slight ST elevation (0.5 mm) on V2–V4 anterior leads. After the ad-
ministration of nitroglycerine, no stenosis was observed in the distal
LAD artery (Figure 3D and Video 1C). We diagnosed the patient
with CSA. A calcium channel antagonist (4 mg benidipine) and nic-
orandil (10 mg) were started. Since then, the patient has never com-
plained of chest pain or syncope for more than 6 months.

2 montds prior to

admission

Patient complained chest pain at rest and had

episodes of syncope.

1 week prior to

admission

Before computed tomography coronary angiog-

raphy (CTCAG), he complained aura before

syncope. Inverted T waves on V5, V6 leads

were observed.

1 week prior to

admission

CTCAG disclosed severe stenosis at the prox-

imal left anterior descending (LAD) artery.

Day 0 (admission) Patient admitted to our hospital for further

examinations.

Day 0 (admission) Thallium adenosine myocardial scintigraphy

revealed no ischaemia in the LAD coronary

artery territory.

Day 1 (admission) Mild organic stenosis (50%) was found at the

proximal LAD artery after coronary

arteriography.

Day 1 (admission) Intracoronary ergonovine test disclosed no

spasm on both coronary arteries.

Day 1 (admission) Typical diffuse spasm at the distal LAD artery

was found after the administration of intra-

coronary 100mg acetylcholine into the left

coronary artery without a pacemaker accom-

panied with typical chest pain and prodrome

before syncope.

Continued

Day 1 (admission) Patient was finally diagnosed with coronary

vasospastic angina.

Day 2 (admission) Patient was medically managed with calcium

channel blocker (4 mg benidipine) and nicor-

andil (10 mg), and patient was discharged.

6 months after

discharge

Patient remained well on medical management

including calcium channel blocker and nicor-

andil. Patients had never complained of chest

pain or syncope for more than 6 months.
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Discussion

In this case report, we showed typical CSA with syncope. Intracoronary
ER administration did not provoke spasm, but intracoronary injection
of ACh documented typical diffuse spasm at the distal LAD artery.
Because neither bradycardia nor cardiac arrest has occurred during ad-
ministration of ACh for 30 s, we might be able to perform ACh tests
without pacemakers in the LCA. After cardiologists observe a negative
ER test when they suspect CSA, intracoronary administration of ACh

into the LCA without a pacemaker may be one option for pharmaco-
logical testing if neither bradycardia nor arrest is found.

According to previous reports, there were no differences regard-
ing the incidence of provoked spasm in the same CSA patients be-
tween ACh and ER tests, as shown in Table 1.10,11 We also reported
the frequency of provoked spasms in the same 171 patients with is-
chaemic heart disease between ACh and ER testing.12 ACh-inducible
spasms are diffuse and distal, whereas ER-provoked spasms are prox-
imal and focal.12,13 Because a single spasm provocation test has some

Figure 1 Electrocardiogram findings (A) at admission and (B) during syncope.

Figure 2 Computed tomography coronary angiography and hybrid images with thallium-adenosine myocardial scintigraphy findings. (A—a and b)
No stenosis was found in the right coronary artery. (A—c and d) Severe stenosis was found in the proximal left anterior descending artery. (B—e)
Hybrid images of computed tomography coronary angiography and thallium-adenosine myocardial scintigraphy at early phase (stress). (B—f) Hybrid
images of computed tomography coronary angiography and thallium-adenosine myocardial scintigraphy at delay phase (rest).

ACh test without a pacemaker 3
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limitations of clinical spasms in the cardiac catheterization laboratory,
we recommend supplementary tests as shown in Figure 4 and se-
quential spasm provocation tests whenever possible.14

The administration of 20 mg metoprolol before CTCAG may
aggravate coronary artery vasomotor reactivity in this case. It
may be better to select benzodiazepine calcium channel block-
ers, such as diltiazem hydrochloride or verapamil hydrochloride,

instead of beta-blockers when performing CTCAG in patients
with resting angina.15 In this case, ischaemic electrocardiogram
changes were recognized on V5, V6 leads during aura before
syncope, whereas slight ST elevation (0.5 mm) on V2–V4 anter-
ior leads was observed in ACh testing. Because we did not per-
form ACh tests in the RCA, we had no proof of ACh-inducible
spasm in the RCA.

Figure 3 Ergonovine and acetylcholine testing in the left coronary artery. (A) Intracoronary injection of 64 mg ergonovine disclosed no spasm and
no ischaemic electrocardiogram changes. (B) No provoked spasm or no ischaemic electrocardiogram changes were recognized after adding 40 mg
ergonovine into the left coronary artery. (C) Diffuse spasm was recognized at the distal left anterior descending artery accompanied by typical chest
pain and aura before syncope after the administration of 100 mg acetylcholine without a pacemaker. Slight ST elevation (0.5 mm) onV2–4 anterior
leads was observed. (D) Proximal mild stenosis in the left anterior descending artery was found after the administration of nitroglycerine.

....................................................................................................................................................................................................................

Table 1 Comparisons of acetylcholine and ergonovine spasm provocation tests in the same patients

Suzuki et al. Kanazawa et al. Suzuki et al. and

Kanazawa et al.

Sueda et al. Suzuki et al. and Kanazawa

et al. and Sueda et al.

Diagnosis CSA CSA CSA IHD CSA and IHD

Patient number 11 20 31 171 202

Male/female 9/2 15/5 24/7 106/65 130/72

Age (years) 54 ± 9 57 ± 10 62 ± 10

Procedures ACh! ER ACh! ER ACh! ER

Dose of ACh (mg) 25/50/100 50/100 20/50/80/100

Dose of ER (mg) 1/5/10/30 40 40/64

Definition of positive spasm >99% >90% >99%

Positive spasm by ACh test 82% (9/11) 80% (16/20) 81% (25/31) 33% (56/171) 40% (81/202)

Positive spasm by ER test 100% (11/11) 65% (13/20) 77% (24/31) 32% (54/171) 39% (78/202)

ACh, acetylcholine; CSA, coronary spastic angina; ER, ergonovine; IHD, ischaemic heart disease.

4 S. Sueda and T. Sakaue
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According to the JCS guidelines, pacemaker insertion is necessary
for ACh testing. In our prior publication, we demonstrated that ap-
proximately 46% of patients had no back-up pacemaker support in
the LCA ACh tests for 20 s of injection.16 We slowly injected ACh
into the LCA at low doses of 20mg and 50mg for 30 s. Because no
bradycardia or arrest was found, we administered 100mg ACh into
the LCA for 30 s. Diffuse distal spasm at the LAD artery accompanied
by typical chest pain was observed in this case. We were able to diag-
nose this case as CSA. We did not perform the ACh test in the RCA.
Intracoronary administration of ACh into the RCA for 20 s of injec-
tion had back-up support pacemaker rhythm in approximately 86%
of patients.16 In the clinic, cardiologists may be able to select an intra-
coronary ACh test without a pacemaker in the LCA but not the
RCA. However, when intracoronary injection of ACh reveals brady-
cardia or arrest, we should perform ACh tests after the insertion of
the pacemaker. The invasive intracoronary ACh test is safe for docu-
mentation of coronary spasm in the clinic.

Conclusions

Different coronary responses between ACh and ER were revealed in
this case. Because a single spasm provocation test has some limitations
of clinical spasms, we recommend supplementary and sequential spasm

provocation tests whenever possible. After cardiologists observe a
negative ER test when they suspect CSA, intracoronary administration
of ACh into the LCA without a pacemaker may be one option for
pharmacological testing if neither bradycardia nor arrest is found.
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Reports online.
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